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POLYCARBONATE POLYESTER RESIN MOLDING COMPOSITION 

WITH GOOD IMPACT PROPERTIES 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

5 The invention relates to blends of a polycarbonate resin with a 

polyester resin. 

BACKGROUND OF THE INVENTION 

Aromatic polycarbonates (PC) are well known and exhibit 
properties of extreme toughness, transparency, resistance to burning and 

10 in general, maintenance of useful properties over a wide tmiperature 
range. However, polycarbonate has an increased Y J. ydlowness index, 
after exposure to light Hence, it is desirable to enhance the weatherability 
of polycarbonate. Althou^ polycarbonates exhibit high impact strength, 
it is desirable to obtain even higher impact strengtii. When considering 

15 mixtures, blends and additives to polycarbonate, it is difficult to obtain an 
i^^lrovement of cme property widiout deleteriously afiecting odier 
desirable properties. 

VS. Patent 4,391,954 to Scott describes an aromatic carbonate 
polymer having improved hydrolysis resistance. The polycarbonate 
20 includes a polyester polyiner derived from cyclohexanediznethanoL Asset 
forth, column 3, lines 4 to 7, "The preferred polyester resins maiy be 
derived from the reaction of either the ds- or trans- isomer (or a mixture 
diereof) of 1,4-cydohexanedimethanol with a mixture of iso- and 
terephthalic adds." 
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US. Patent 5,486^62 describes UV-stable weatherable molding 
compositions based upon cydoaliphatic diacid derived polyester materials 
containing impact-modifying eiastomeric polymers and filler such as glg ss 
fibers, which compositions have enhanced melt flow properties wlvie 
5 retaining good impact s trength properties. The modulus of diese 
compositions is low and while sti£Eness canlbe improved with added filler, 
like fiberglass, impact strength is reduced. 

US. Patent 5,410,000 disdoses molding compositions containing 
poly(cydoalkyI/aryl) polyesters aiul mixtures dtereof witfi other 
10 pol3niiaric binder materials induding polycarbonates, together witii 
impact modifying polymers and reinforcing fillers. 

US. Patent 5399,661 disdoses molding compositions containing 
poIy(cydoaU7l/aryl) polyesters and mixtures thereof with odier 
polymers, core shell intact modifiers and fillers. These aromatic 
15 cydoall^I esters do not have good weatherability . 

US. Patent 5,260^79 disdoses thermoplastic molding compositions 
comprising blends of aromatic polyester resins and styrene copolymers 
containing up to about 35 mol% methyl methacrylate and having good 
ductility axtd melt flow properties. Glass fiber reinforcing filler may be 
20 induded as well as ''impact modifiers". Specific blends containing 25, 50 
and 75 weig^ percent of each of these styrene copolymers are disdosed 
but no specific impact modifier is disclosed as an additive to such blends. 

US. Patent 3,657389 disdoses hot melt adhesive compositions 
based upon polymer blends of cydoaliphatic polyesters and olefin 
25 polymers induding acrylate and methyl methacrylate co-polymers. Fillers 
may be induded but impact modifiers are not disclosed. 
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US. Patent 5,115,016 discloses aromatic polyestCT resin molding 
compositions comprising a crystalline polyethylene terephthalate, 
reinforcing glass fiber and a thermoplastic poly(methyl methacrylate) 
modifier resin which improves the gloss and reduces warp of articles 
5 molded therefrom. 

The present invention relates to molding compositions based upon 
blends of thermoplastic polycarbonate resin and a thermoplastic polyester 
resin which have outstanding impact resistance, good processabilitiy^ and 
transparency. The impact is greater than woiild be expected from a just a 
10 mixture of die components. 

SUMMARY OF THE INVENTION 

The polycarbonate polyester molding compositions of the present 
invention comprise a polycarbonate resin component and a cydoaliphatic 
polyester componoit The ductile polycarbonate component is an aryl 
15 polycarbonate a polyester carbonate or a "soft segment" aliphatic- 
polj^ester carbonate. The cydoaliphatic component is substantially devoid 
of aromatic constituents. 

In accordance widi die present invention tfiere is provided a 
misdble resin Uend comprising a ductile polycarbonate, aromatic 
20 polyester carbonate or aliphatic polyester carbonate and a cydoaliphatic 
poljrester resin ^^dierein ratio of polyester to ductile resin is irom about 50 
to 50 to about 95 to about 5. 



The polyester resin comprises a polyester having repeating units of 
die formula I: 



wo 99/63002 



PCT/US99/10864 



4 

/ f ,1 

vs^ere R and R^ are cydoakyl or cydoalkyl containing radicals. 

The polyester is a condensation product where R is the residue of a 
cydoalkane containing diol having 6 to 20 carbon atoms or chemical 
5 equivalent thereof, and R^ is Ae decarboxylated residue derived from a 
cydoalkane containing diadd of 6 to 20 carbon atoms or chemical 
equivalent diereof . 

The resulting blend has a Notched Izod (MI) as determined by 
ASTM D256 test procedure greater tihan either the Notched Izod of the 
10 individual polycarbonate component or polyester component of tiie blend. 

In one case, a misdble polycarbonate/ polyester blend of Ae 
present invention exhibits a surprisingly low notch sensithdty with 
Notched Izod values as high as 25 ft. Ibs./in. at TiPC and surpass tfie 
ductility of neat polycarbonate by up to 65 percent. More surprisingly, 
15 this effect is achieved witfiout the use of an impact modifier so that the 
resulting blends are transparent 

This specific combination of polycarbonate resins vnAi cyclic alkyl 
polyesters solves problems of UV degradation while enhancing impact 
strength. The resulting product has improved flow and toughness as 
20 compared to polycarbonate, higher heat resistance than cydoaliphatic 
polyester, and retains transparency with surprising ductility. 

It is also important to prevent reaction between the polycarbonate 
and the polyester during mdt processing, since such reaction will lead to 
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copolymer fonnation and a degradation of thermal properties, as well as 
the creation of color and undesirable processing effects such as gas 
generation. Use of specific addic phosphorus species is desirable to 
prevent melt reaction of tiie blended polymers. Additional ingredimts 
5 may indude rubbery modifiers such as core shell, graft or linear, random 
and block copolymers. 

Detailed Description 

The ductile resin which is a resin selected from the group consisting 

of 

10 a) a polycarbonate resin made up of recurring aryl polycarbonate 

units of the formula II; 

-L 

L J (n); 

b) an aromatic polyester carbonate made up of recurring 
polycarbonate units of formula m and recurring polyeslbex units of the 

15 formula IV; 

J 1 J f 1 

-I-C-O-Ai'-OH- ^ -fc-Ar-C-O-Ar'-O-h 
L J (m) and I J 

(IV); 

c) an atiphatic pcdyester carbonate made up of recmxing 
polycaxbonate units of the formula V and recurring carixn^lic chain units 

20 of the formula VI; 
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or d) nuxtoxesof a) orb) or c). 

Ar* is a divalent aromatic radical residue of tihe dihydric phenol 



5 Preferred divalent residue of dihydric phenols, Ar" are represented by the 
general fbnnnla: 



Mrtierein At" is a divalotit hydrocarbon radfcal containing from 1 to 
about 15 carbon atoms or a substituted divalent hydrocarbon radical 

10 containing from 1 to about 15 carbon atoms; each X is independendy 
selected from the group consisting of hydrogen, halogen, and a 
monovalent hydrocarbon radical such as an alkyl group of from 1 to about 
8 carbon »tnm<^ an aryl group of fann 6 to about 18 carbon atoms, an 
araHyl group of from 7 to about 14 carbon atoms, an alkoxy group of ficom 

15 ltoabont8carbonatoms;andmis0orlandnisanint^Brof fitomOto 
about 5. At" may be a single aromatic ring like hydroquinone or 
resordnol, or a multiple aromatic ring like biphenol or Wsphend A. the 
more preferred dihydric phenol employed comprises greater Aan 70 
percent by wei^t bisphenol A with die remaining portion comprising 

20 dihydric phenol residue of the above formula. 



employed in the preparative pol3nn[teri2ation reaction of die polycarbonate. 
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Ar is a divalent aliphatic, aliqrdic or aromatic radical, or mixtures 
thereof of the condensation product from a dicarboxcylic add or 
derivative thareof. Preferably Ar is a C6-C20 aryl radial comprising a 
decarboxyiated residue derived from an aromatic dicarboxcylic acid. Ar is 
5 most preferably the residue from iso- and terephtfaalate or mbctures 
thereof having the formula: 




D is an diavalent aliphatic radical of die condensation product from 
an aliphatic diol. Preferably D is a divalent alkylene radical containing 2 to 
10 18 carbon atoms, more preferably A has the formula -(CHiV wherein n is 
an integer of from 2 to 18, more preferably from 2 to 6. 

D is the divalent aliphatic residue from the dicarboxcylic add wtdtii 
results when a dihydric phenol is phosgenated in the presence of ttie 
dicarix>xcylic add or derivative ^reof . Preferably D is an divalent alkyl 
15 radical of from C2 to C36, more preferably from Q to C\6, with the 
preferred formula -(CH2)ir« 

The prefer red component a) is an aromatic carbonate 
homopolymer, e.g., a homopolymer derived from 2,2-bis(4- 
hydroxyphenyl)propane (bisphenol-A) and phosgene, commercially 
20 available under the trade designation LEXAN Registered TM from 
General Electric Company. 
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The preferred polycarbonates are preferably high molecular weight 
aromatic carbonate polymers have an intrinsic viscosity (as measured in 
methylene chloride at TS^'C) ranging from about 0.30 to about 1.00 dl/gm. 
Polycarbonates may be branched or unbranched and generally will have a 
5 wei^t avmge molecular weight of from about 10,000 to about 200,000, 
preferably from about 20,000 to about 100,000 as measured by gd 
permeation chromatography. It is contemplated that the polycarbonate 
may have various known end groups. 

According to the presait invention, the impact resistance of a high 
10 impact weatherable polycarbonate/ polyester molding composition can be 
substantially improved by blending the previously mentioned polyester 
containing cydoalkyl radials to form a molding composition having a 
substantially greater tou^iness than could be predicted according to the 
rule of mixtures. 

15 The present cydoaliphatic polyesters are condensation products of 

aliphatic diadds, or chemical equivalents, and aliphatic diols, or chemical 
equivalents. The present cydoaliphatic polyesters may be formed from 
mixtures of alii>hatic diadds and aliphatic diols but must contain at least 
80 mole % of cydic diadd and/ or cyclic diol components, the remainder, if 

20 any, being linear aliphatic diadds and/ or diols. The C3rdic components 
are necessary to inqiart good rigidity, and they do not absorb UV under 
normal exposure conditions, thereby providing rigid molded artides 
having excellent weatiierability properties. Aromatic components are not 
preferred since, to tiie extent they are present they impart enhanced UV* 

25 absorbance leading to degraded weatherability properties. 
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The preferred component b) is a polyester carbonate which may be 
represented by the following formula: 




In die preferred ductile resin containing repeating polycarbonate 
5 units as set fordi in formula U, x and y represent die respective weights of 
ester units and polycarbonate units based on 100 parts total weight When 
X is 0, the polyester linkages are absent and the resin is known as a 
polycarixmate resin. When y is greater tfian about 5 percent by wei^, 
die resin is known as a polyester carbonate resin (PEC resin). In a 
10 preferred resin of the present invention, x is from about 60 to about 95 
mole percent Poly(e$ter-carb6nate) resins, also commonly referred to as 
copolyester-polycarbonate resins, are copolymers of aromatic dipheru>ls 
reacted with dicarboxylic adds and carbonic add or their derivatives. 

Melt polymerization mediods to make PEC resins may involve co* 
15 reacting, for example various mixtures of dihydric phenols and ester 
fmcursQES such as, for example,, diphenyl derivatives of iso- and 
terq>hdialates, and their mixtures. Diphenyl carbonate may be introduced 
to prepare polyester carbonate copolymers. Various catalysts or mbctures 
of catalysts such as, for example, lidiium hydroxide and lidiium stearate 
20 can also be used to accelerate the polymerization reactions. 

In general, die meduxl of interfedal polymerisation comprises die 
reaction of a dihydric phenol with diadd or derivative ester precursor and 
optionally a carbonate precursor, in a two phase system with catalyst and 
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often an add acceptor when the dicarboxylic acid and carbonate 
precursors sire diadd halides. Examples of interfadal polymerization 
techniques can be found in US. Patent Nos. 3,169,121 aiid 4,487,896 which 
are incorporated herein by reference. 

5 Aldiough die reaction conditions of the preparative processes may 

vary, several of die preferred processes typically involve dissolving or 
dispersing dihydric phenol reactants in aqueous caustic, combining die 
resulting mixture widi a suitable water immiscible solvent medium and 
contacting the reactants widi the carbonate precursor, such as, for 
10 example, phosgaie, and diadds or derivatives, such as diadd chlorides, in 
die presence of a suitaUe catalyst and under controlled pH conditions. 
The most commonly used water immisdble solvents indude methylene 
chloride, 1,2-dichloroeduuie, chlorobenzene, toluene, and the like. 

Advantageously a catal3r5t may be added to the reaction mixture' to 
15 promote die reaction. The catalyst typically accelerates die rate of 
polymerization of the dihydric phenol reactants with the carbonate/ ester 
precursors. Representative catalysts indude but are not limited to, for 
example, tertiary amines such as triethylamine, quaternary phosphonium 
compounds, quaternary ammonium compounds, and the like. 

20 The carbonate precursors are typically a carbonyl halide, a 

diarylcarfoonate, or a bishaloformate. The carbonyl halides indude, for 
example, carbonyl bromide, carbonyl chloride, and mixtures thereof. The 
bishaloformates indude the bishaloformates of dihydric phenols such as 
bischloroformates of 2^-bis(4-hydroxy-3,5-dichlorophenyl)*propane, 

25 hydroquinone, and die like, or bishaloformates of glycol, and die like. 
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While all of the above carbonate precursors are useful, carbonyl chloride, 
also known as phosgene, is preferred. 

In general, any dicarfooxjdic add conventionally used in the 
preparation of polyesters may be utilized in the preparation of poly(ester- 
5 carbonate) resins. However, the PEC used in the present invention are 
prepared with aromatic dicarboxylic adds, and in particular terephdudic 
add, and mixtures thereof with isophtiialic add. 

Rather tiian utilizing ttie dicarboxylic add per se, it is possible, and 
sometimes even preferred, to employ various derivatives of the add 
10 moiety. Illustrative of these reactive derivatives are Ae add halides. The 
pr^erred add halides are the add dichlorides and the add dibromides. 
Thus, for exaxttple instead of using terephthalic add or mixtures tiiereof 
wifli isophdudic add, it is possible to employ terephthaloyl dichloride, and 
mixtures diereof with isophthaloyi dichloride 

15 In die conventicmal interfeudal polymerization metfuxls of 

preparing FEC, and polycarbonates, a molecular wei^t regulator (a chain 
stopper) is generally added to the reaction mixture prior to or during the 
polymerization reactions with carbonate and/or ester precursors. Useful 
molecular wei^t regulators indude, for example, monohydric phenols 

20 such as phenol, chroman-I, para-t-butylphenol, p<iunylphenol and die 
like. 

The proportions of reactants employed to prepare Ae PEC will 
vary in accordance witfi die proposed use of die blends of the invention 
containing this product resin. In general, the amount of die ester units 
25 may be from about 0 by weight to about 90% by weight relative to die 
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carbonate units, preferably about 0% to about 30% by weight relative to 
ttie cart)onate units. 

In general, any dicarboxylic add conventionally used in the 
preparation of polyesters may be utilized in the preparation of 
5 poly(esten:arbonate) resins. However, the PEC used in the present 
invention are prepared with aromatic dicarboxylic adds, and in particular 
terephthalic add, and mixtures thereof with isophthalic add wherein the 
weight ratio of terephAalic add to isophthalic add is in ttie range of from 
about 5:95 to about 95:5 

10 The preferred PEC for use as the ingredient (b) in the blends of the 

present invention are those derived from reaction of bisphenoI-A and 
phosgene with iso- and terephthaloyl chloride and having an intrinsic 
viscosity of about 0.5 to about 0.65 deciliters per gram (measured in 
methylene chloride at a temperature of 25<:). 

15 The Ar radical in the above formula is most often p- or m- 

phenylene, a cydoaliphatic or a mixture thereof. This class of polyester 
indudes the poly(alkylene terephthalates). Such polyesters are known in 
the art as iliustratied by the following patents, which are incorporated 
herein by reference. 

20 2,465319 2^20^02 X727JSSI 2,822348 

3,047339 3^71,487 3,953394 4,128326 

Examples of aromatic dicarboxylic adds represented by the 
dicarboxylated residue Ar* are isophthalic or terephdialic add, l,2-di(p- 
carboxyphenyl)etfaane, 4,4'-dicarl>oxydiphenyl ether, 4,4' bisbenzoic add 
25 and mixtures thereof. Adds containing fused rings can also be present. 
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such as in 1,4- 13- or 2,6- naphdiaienedicarboxyiic adds. The preferred 
dicarboxylic adds are terephthaiic add, isophthalic add, naphthalene 
dicarboxylic add, cydohexane dicarboxylic add or mixtures diereof . 

It is also possible to employ two or more different dihydric phenols 
5 or a copolymer of a dihydric phenol with a glycol or with a hydroxy- or 
add-terminated polyester or witii a dibasic add or hydroxy add in the 
event a carbonate copolymer or interpolymer rather than a homopolymer 
is desired for use in the preparation of die polycarbonate mixtures of the 
inventiorL Branched polycarbonates are also useful, such as are described 
10 in VS. Pat No. 4,001,184. Polycarbonate blends indude blends of linear 
polycarbonate and branched polycarbonate. 

The preferred ccnnponent c), die soft segment polycarbonate exhibit 
a lower glass transition (Tg) tenq>erature and improved low teii^)erature 
impact strengths. The Tg of the resin is reduced by the presence of diester 
15 blocks. 

US. patent 5,494,997 to Fontana et al describes the preparation of a 
thermoplastic, copolyestercarbonate by phosgenating the dihydric phenol 
in the presence or absence of an aliphatic dicarboxylic add under 
conditions vdacti yield an excess of chloroformate end-groups relative to 

20 phenolic or carboxylic add moieties; and polymerizing die chlorofbrmates 
with remaining phenols and carbonate adds or with subsequently added 
aliphatic dicarboxylic add by addition of a carbonate forming reagent and 
a molecula wdg^t regulator. The above patent is incorporated by 
refemce into dte present application. The polyester resins of Formula I 

25 as previously set forth are t3rpically obtained through the condensation or 
ester interchange polymerization of the diol or diol equivalent component 



wo 99/63002 



PCTAJS99/10864 



14 



15 



with the diadd or diadd diemical equivalent component and have 
recurring units of the formula where R is derived from alicydic dibasic 
adds and R* is derived from a alicydic diols R': 



O R' O C R — 

5 The preferred cydoaliphatic polyesters for use in the present 

moldix^ compositions are condensation products of cydoaliphatic diols 
and cydoaliphatic diadds or chemical equivalents of tfie diadds such as 
the salts^ esters or add halides thereof. Preferably R is a cydoalkyl radical 
containing 6 to 20 carbon atoms and which is die residue of a cyloaliphatic 
10 alkane diol or chemical equivalent thereof; and R' is a cydoalky radical 
which is the decarboxylated residue derived from a cydoaliphatic diadd 
or chemical equivalent 

R and R' are preferably cydoalkyl radicals independently selected 
from the following formula: 



^ ^ 012- 

-H2C-H2C-( >-CH2-CH2- 
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CH3 CH3 

CH3 CH3 

0000-co 

The most preferred cydoaliphatic radical R' is derived from die 1,4- 
cydohexyl diadds and most preferably greater than 70 mole % thereof in 
5 die form of die trans isomer. The most preferred cydoaliphatic radica R is 
derived from die 1,4-cydohexyl primary diols such as 14<ydohexyl 
dimelhanol, most preferably more than 70 mole % diereof in the form of 
the trans isomer. 

Preferably a cydoaliphatic diol or chemical equivalent dtereof and 
10 particularly 1,4-cydohexane dimethanol or its chemical equivalents are 
used as die diol component; preferably a mixture of ds- to trans^somers 
thereof/ w^iere the trans isomer content is 70% or mcnre. 

Chemical equivalents to die diols indude esters, such as 
dialkylesters^diaryl esters and the like. 

15 The diadds useful in the preparation of die aliphatic polyester 

resins of die present invmtion preferably are cydoaliphatic diadds. This 
is meant to indude carboxylic adds having two carboxyl groups each of 
which is attached to a saturated carboiL Preferred diadds are cydo or 
bicydo aliphatic adds, for example, decahydro naphthalene dicarboxylic 

20 adds, norbomene dicarboxylic adds, bicydo octane dicarboxylic adds. 
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l,4<yclohexanedicarboxylic add or chemical eqiiivalents, and most 
preferred is trans»l,4-cycIohexanedicarboxyiic add or chemical equivalent. 

Cydohexanedicarlx>xylic adds and their chemical equivalents can 
be prepared, for example, by the hydrogenation of cydoaromatic diadds 
5 and corresponding derivatives such as isophthalic add, terephthalic add 
or naphthaienic add in a suitable solvent, water or acetic add at room 
temperature and at atmospheric pressure using suitable catalysts such as 
rhodium supported on a suitable carrier of carbon or alumina. Se^ 
Friefelder et al. Journal of Organic Chemistry, 31, 3438 (1966); U5. Pat 
10 Nos. 2,675,390 and 4,754,064. They may also be prepared by the use of an 
inert liquid medium in which a phdialic add is at least partially soluble 
under reaction conditions and a catalyst of palladium or ruthenium in 
carbon or silica. See^ US. Pat Nos. 2,888,484 and 3,444;237. 

Typically, in the hydrogenation, two isomers are obtained in whidi 
15 the carboxylic add groups are in ds- or trans-positions. The ds- and trans- 
isomers can be separated by aystaliization with or witiiout a solvent, for 
example, n-heptane, or by distillation. The cis-isomer tends to blend 
better; however, die trans-isomer has higher melting and crystallization 
temperatures and is especially preferred. Mixtures of die ds- and trans- 
20 isomers are useful herein as well, and preferably when such a mixture is 
used, the trans-4s(Hner will comprise at least about 70 parts by weight 

When the mixture of isomers or more dian one diadd is used, a 
copolyester or a mixture of two polyesters may be used as die present 
cydoaliphatic polyester re^ 

25 Qiemical equivalents of these diacids indude esters, alkyl esters, 

e.g., dialkyl esters, diaryl esters, anhydrides, salts, add chlorides, add 
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bromides, and the like. The preferred chemical equivalents comprise the 
dialkyl esters of the cydoaliphatic diacids, and die most preferred 
chemical equivalent comprises the dimethyl ester of the add, particulariy 
dimethyl-trans-l,4-cydohexane-dicarboxylate. 

A preferred cydoaliphatic polyester is poly(cyclohexane-l,4- 
dimethylene cydohexane-l,4-dicarboxylate) also referred to as poly(l,4- 
cydohexane-dimethanol-l,4-dicarbQxylate) (FCCD) which has recurring 
units of the formula: 



Witfi reference to die previously set forth general formula, for 
FCCD R' is derived from 14 cydohexane dimethanol; and R is a 



The reaction is generally run in the presence of a suitable catalyst 
such as a tetralds (2-ethyl hexyl) titanate, in a suitable amount; typically 
about 100 to 400 ppm of titanium based upon die final product 

The p refer red aliphatic polyesters used in the present reinforced 
molding compositions have a ^ass transition temperature (Tg) which is 
above 50^, most preferably above about 80<:. 

In the diermoplastic compositions which contain a polyest^ resin 
and a polycarbonate resixv it is preferable to use a stabilizer or quencher 
material. Catal)r5t quenchers are agents which inhibit activity of any 
catalysts which may be present in the resins. Catal)^ quenchers are 



C\ VC-O- CH2 





CH2-O- 



cydohexane ring derived from cydohexanedicarboxylate or a chemical 
equivalent thereof. The preferred PCCD has ads/ trans formula. 
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described in detail in US. Patent 5,441,997. It is desirable to select the 
correct quencher to avoid color formation and loss of clarity to the 
polyester polycarbonate blend. 

A preferred class of stabilizers including quenchers are those which 



are used at a level of 0.001-10 weight percent and preferably at a level of 
from 0.005-2 weight penmt. The preferred stabilizers include an effective 
amount of an acidic phosphate salt; an add, alkyl, aryl or mixed phosphite 
having at least one acidic hydrogen; a Group IB or Group IIB metal 

10 phosphate salt; a phosphorus oxo add, a metal add pyrophosphate or a 
mixture thereof. The suitability of a particular compound for use as a 
stabilizer and dte determination of how much is to be used as a stabilizer 
may be readily determined by preparing a mixture of the polyester resin 
component and the polycarbonate and determining die eHect on melt 

15 viscosity, gas generation or color stability or the formation of 
interpolymer. The addic phosphate salts indude sodium dihydrogen 
phosphate, mono zinc phosphate, potassium hydrogen phosphate, 
calcium dihydrogen phosphate and the like. The phosphites may be of the 
formula: 



5 provide a transparent and colorless product. Typically, such stabilizers 



RIO* 




0R2 



20 



where Rl, R2 and R3 are independently sdected from the group 
consisting of hydrogen, alkyl and aryl with the proviso tiiat at least one of 
Rl, R2 aitd R3 is hydrogen. 
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The phosphate salts of a Group IB or Group UB metal include zinc 
phosphate, copper phosphate and the like. The phosphorus oxo adds 
include phosphorous add, phosphoric add, polyphosphoric add or 
hypophosphorous add. 

5 The polyadd pyrophosphates may be of the formula: 

M^xHyPnOsn+l 

whereoi M is a metal, x is a number ranging from 1 to 12 and y is a 
number ranging 1 to 12, n is a number from 2 to 10, z is a number horn 1 
to 5 and the sum of (xz) + y is equal to n + Z The preferred M is an 
10 alkaline or alkaline eaifh metal. 

The most preferred quenchers are oxo adds of phosphorous or 
addic organo phosphorus compounds. Inorganic addic phosphorus 
compounds may also be used as quenchers, however diey may result in 
haze or loss of clarity* Most preferred quenchers are phosphoric or 
15 phosphorous add. 

Cydoaliphatic polyester resins have been found to have better 
weadierability than polycarbonate alone. Ultraviolet light absorbers are 
used to improve the polycarbonate light stability. Indusion of a li^ 
stabilizer in a cydoaliphatic polyester/polycarbonate blend provides 
20 additional li^ stability for the polycarbonate resin. 

The ultraviolet li^t absorbers (UVA) useful in ttie present 
invention are tiiose which are generally compatible widi polycarbonates. 
Preferred are benzotriazole, benzophenone, triazine, cyanoacrylate, 
dibenzoylresorctnol, and oxanilide based UVA Incorporation of a li^t 
25 stabilizing additive in the FCCD composition, i.e., cydoaliphatic 
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polyester alone or a polycarbonate - cydoaliphatic polyester blend, 
provides additional benefits in weatherability. 

In addition to UV absorbers, hindered amine light stabilizers 
(HALS) also contribute to increased weatherability of the structure. 

5 Illustrative ultraviolet radiation absorbing compounds include 2- 

(benzotriazol-2-yl)-4-(l,l,33-tetramediylbutyl)pheno^^ 

2-(benzotriazoI-2-yl)-4HnnetfiyIphenol, -hydroxy'4-octyloxy benzophenone, 
2-hydrQxy-4-methoxybenzophenone, ethyl-2,2-diph6nyl-l-cyanoacrylate, 
2'-ethylhexyl - 2, 2-diphenyH-cyanoacrylate, 2-(2'-hydroxy-4'-octyloxy) 

10 bis-4,6-<2V4*-dimethylphenyl) triazine, 2-etfiyl- 2- ethoxy oxalanide, bis [ 2- 
hydroxy-5-metfiyI-3- (benzotriazol-2*yl) phenyl ] - methane, bis[ 2 - 
hydroxy- 5 -t • octyl -3 - ( benzotriazol -2 -yl) phenyl] methane, 2,2' • ( 1,4 - 
phenylene )bis[4H->3, 1- benzoxazin -4 - one], and 2 - ( 2' * hydrDxy-4- 
hexyloxy) - 4^6 - diphenyltriazine. Li^t stabilizers are incorporated in die 

15 cydoaIq>hatic polyester e.g., PCCD, resin ia amounts of about 0.05 to 
about 10 wei^ percent 

The ratio of polyester resin to ductile resin is horn about 60 to 40 to 
about 85 to about 15. Based on the total weig^ of ductile resin and 
polyester resin, die composition preforaMy conqnises from about 50 to 
20 about 90 wei^t perca:it polyester, more preferaUy from about 65 to about 
85 percent polyester, and more preferably from about 70 to about 85 
percent polyester. 

It is contemplated that polycarbonate/cydoaliphatic polyester 
compositions can contain up to 30% by weight of additional polymeric 
25 binder materials in the blend, preferably less than 20 percent, and more 
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preferably less than 15 percent Such additional ingredients may include 
polyalkylene phthalates or naphtfianoates, polybutylaie terephthalate 
polymers (PBT), polyetiiylene terephthalate polymers (PET), 
polypropylene terephflialate polymers (PPT), polyethylene naphtiianoate 
5 polymers (PEN), polycydohexane dimethanol terephthalates and styrene- 
acrylonitrile copolymers, preferably containing 25% • 35% of acrylonitrile. 
Additional, impact modifiers generally comprise an acrylic or mediacrylic 
grafted polymer of a conjugated diene or an acrylate elastomer, alone, or 
copol3mnerized wifli a vinyl aromatic compound. In general these impact 

10 modifiers contain units derived from butadiene or isoprene, alone or in 
combination with a vinyl aromatic compound, or butyl acrylate, alone or 
in combination with a vinyl aromatic compound. Other typical 
impact modifiers include, but are not limited to ediylene vinyl acetate, 
ediylene etiqrlacrylate copolymers, SEBS (styrene-ethylene-butjdene 

15 styrexte) and SBS (styrene-butadieite-5tyra:ie) block copolymers, BFDM 
(ediylene propylene diene monomer) and EPR (ediylene propylene 
rubber) copoI)rmers, etc 

The method of blending the present compositions can be carried 
out by conventiocud techniques. One convenient method c om pr is e s melt 
20 blending the polyester, acrylic, impact modifier and odier ingredients in 
powder or granular form, extruding the blend and comminuting into 
pdlets or other suitable shapes. The ingredioits are combined in any 
usual manner, e.g., by dry mixing followed by mixing in the melted state 
in an extruder. 

25 Additionally, additives such as mold releases, antioxidants 

lubricants, nucleating agents such as talc and the like, odier stabilizers 
including but not limited to UV stabilizers, such as benzotriazole. 
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supplemental reinfordng fillers, and the like, flame retardants, pigments 
or combinations thereof may be added to the compositions of the present 
invention. 

As set fortti in tiie following examples, the properties are measured 
5 according to the following procedures: 

Notched Izod (NI) and Unnotched Izod (UNI): This test procedure 
is based on the ASTM I>256 method. In tiiis case, using Izod Meduxi 
die unnotched impact strengdi is obtained by testing an urmotched 
specimen. The results of die test is reported in terms of energy absorbed 
10 per xmit of specimen width, and expressed in foot times pounds per inch 
(FtLbs./IrL). Typically the fiiud test result is calculated as the average of 
test results of five test baxs. 

Dynatup® pYN TE): This test procedure is based on the ASTM 
D3763 method aiid was performed on a Dynatup brand impact test 

15 machine. This procedure provides information on how a material behaves 
under multiaxial defonnation conditions. The deformation applied is a 
high speed puncture. An example of a supplier of tiiis type of testing 
equipment is Dynatup. Reported as test results are the scxralled total 
energy values at various temperatures, which are expressed in foot times 

20 pounds (Fttbs.). The final test result is calculated as die average of the 
test results of typically ten test plaques. 

Melt viscosity (MV): This test procedure is based on die ASTM 
D1238 method. The equipment used is an extrusion plastometer equipped 
with an automatic timer. A typical example of tiiis equipment would be 
25 the Unius Olson MP 987. Before testing, the saxnples are dried for one 
hour at 150°C The testing conditions are a melt temperature of 250°C, a 
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total load of 5,(XK) gram, an orifice diameter of 0.0825 inch, and a dwell 
time of 5 minutes. The test result is expressed in the unit Poise. 

Flexural Modulus (FM): This test procedure for measuring stifhiess 
is based on tfie ASTM D790 method. Typical test bars have the following 
5 dimensions: 1/8 inch by 1/2 inch by 2-1/2 inch. The final test result is 
calculated as the average of test results of five test bars. The test involves a 
three point loading system utilizing center loading on a simply supported 
beam. Instron and Zwick are typical examples of manufacturers of 
instruments designed to perform this type of test The flexural modulus is 
10 die ratio, within ttie elastic limit, of stress corresponding strain and is 
expressed in pounds per square inch (psi). 

Qoss Retention (J1960 Gloss) - The J 1960 test is a SAE automotive 
specification for accelerated weathering, with gloss values measured using 
ASTMD523. 

15 Color Retention 01960 Color) - This test measures color chax^ ()E) 

of the weathered sample using a Qelab System. 

EXAMPLES 

The following &camples are set forth herein to illustrate in more 
detail the pr^rred embodiments and to illustrate more dearly the 
20 principle and practice of tftis invention to those skilled in the art They are 
not construed to limit ttie claims in any maimer whatsoever. All 
compositionai data are in weight percent unless ottierwise indicated. 
Mechanical data represented is based on test methods according to Table 
1. 
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Table! 
Mechanical Testing 



Abbreviate Description ASTM 

Test 

MV Mdt viscosity at 250 <<: in poise D1238 

NI Notched Izod Impact Stroigth in ft Ibs./in. D256 

UNI Unnotched Izod Impact Strength in ft D256 

lbs./in» 

DYNTE Dynatup Total Energy in ft. lbs. D3763 

FM Flexural Modtdus in psi D-790 

Examples of die invention El to E 17 as well as die control 
formulations C 1 to C 9 were prepared by blending all ingredients in a 
bucket blender until a good homogeneity of the blend was achieved. All 
5 blend formulations were extmded on a vacuum-vented 30 mm WP twin 
screw operated at 500 F (dye head zone » 480 F). 

Each of the following tables represents a set of experiments 
formulated with different batches of PCCD. These batches are equally 
formulated but differ sli^idy due to random process variation inherent to 
10 any production. 

EXAMFLE51-4 

Table 2 and Figure 1 elucidate the influence of different PCOD-to- 
FC ratios on the notched Izod values at room temperature. It can be seen 
that the notched Izod ductility (NI) increases with increasing PCCD 
15 content until it reaches a maximum of 24 ft Ib./in. (E3) at roughly 75 % 
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PCCD content With further increasing PCCD content, the notched Izod 
values decrease again towards ti\e notched Izod value of straight PCCD 
resin of around 12 ft Ib./in. Figure 1 also demonstrates the synergistic 
character of tfiis invention: widi increasing PCCD content in FCCD/PC 
5 blends die flexural modulus decreases linearly whereas the notched Izod 
curve exhilnts a maximum at around 80 % PCCD. This behavior can be 
predicted by any known theory and was also not described for similar 
polymers in die literature. 

nb»no break 



Table 2 



EXAMPLES 





CI 


C2 


C3 


El 


E2 


E3 


E4 


C4 


Lexan 100100 
Grade 


80 


65 


50 


35 


20 


10 




PCCD Bafedi 
1 




20 


35 


50 


65 


80 


90 


100 


Iigtif69l68 


0^ 


0^ 


0.2 


0.2 


OJ, 


02 


0.2 


0.2 


Izgaiiml076(k2 


0.2 


0.2 


0.2 


0.2 


02 


0.2 


0.2 


SeteoK412S ai 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


. 0.1 


Phosphorus 
Add 


0.1 


ai 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


MV 
[poisel 


35000 


22300 


19000 


16000 


12300 


9700 


8600 


6900 


MI 

[ftJtis./in.] 


16 


16 


17 


18 


20 


24 


18 


12 


FM[psi] 


13400 


12800 


11600 


11000 


9500 


8400 


7500 


6900 


fSlpsi) 


328000 308000 


282000 


259000 


230000 


207000 


179000 


165000 
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EXAMPLES 5-12 



10 



15 



The general procedure of Example 1-3 is repeated with 
compositional adjustments. The formulations used and die results 
obtained are set forth in Table 3 which documents experiments with a 
Hxed PCCD/PC ratio of 75/25 with dq)endence on different Lexan PC 
grades. All polycarbonate resins used are commercially available Lexan 
grades and difiier mainly in molecular weight Lexan SP is a soft- 
segmaited Lexan 100 grade whereas the polyestercarfoonate (PPC) is a 
BPA copolymer with isophthalic and terephthalic units described by the 
following stractures displayed in 



6wt% 
74wt% 



J 20wt% 

As can be seen, aU examples (E 5 through E12) yield NI values of 
rou^y 20 ftlbs./in. and hi^ier. It is remarkable diat even a hi^ flow 
version of Lexan 100 exhibit an impact resistance of more dian 18 ft 
lbs./ixL as demonstrated in E5. Overall, it appears diat fundamentally any 
BPA-based polycarbonate 3delds blends that are tremendously impact 
resistant E 5 dtrough E 12 also documents die robustness of die NI 
ductility achievable widi high levels of PGCD. 
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Tabk3 








EXAMPLES 












E5 


E6 


E7 


E8 


E9 


ElO 


Ell 


E12 


high flow 
Lexan 


243 
















LexanlOO 




24.8 














Grade 






9A ft 












Lexan 131 
Gnule 








248 










Lexan 141 
Grade 










24.8 








Branched 
Lexan 












248 






Polyestetour- 














248 




bonate 


















Lexan SP 
















248 


FCCDBatch2 


74.4 


74.4 


714 


74.4 


744 


744 


744. 


744 


Irganoxl076 


0^ 


0.2 


02 


0.2 


0.2 


0.2 


02 


0.2 


Irgafosl68 


0.2 


0.2 


0^ 


0.2 


0.2 


0.2 


0.2 


0.2 


Tinuvin 234 


03 


03 


03 


03 


03 


03 


03 


03 


Phosphorus 
Add 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


ai 


MV 
[poisel 


7220 


9463 


7909 


11916 


9123 


14253 


8183 


14979 


NI[ftJbs./in.] 


19 


25 


24 


25 


7a 


21 


23 


20 


FM[psi] 


212500 


211500 


212500 


210000 




210900 




207300 


FStpsil 


8343 


8405 


8324 


8354 


8476 


8391 


8030 


8395 



nb = no break 
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EXAMPLES 13-16 

The general procedure of Example 4-12 is repeated making tise of 
difierofit core/shell as well as reactive copolymer impact modifiers. The 
ratio of PCCD/PC was kept identical to EXAMPLES 5-12 (75/25 ratio) 
5 and die results obtained are set forth in Table 4. The impact modifiers used 
are Rohm and Haas EXL 3691, an MBS type modifier, Rohm aiid Haas EXL 
3330, an Acrylic core shell modifier, and Elf Atochem Lotadar AX 8900 
concentrate. Lotadar is a reactive EVA-Glycidyl Metharylate copolymer 
dispersed in a polycarbonate matrix. Remarkably, the impact modifiers 
10 used do not improve the ductility further, but decrease the stiffiiess (FM) 
of the blends widi the exception of Lotadar AX 8900. 



wo 99/63002 



29 



PCrAJS99/10864 



Table 4 



EXAMPLES 





E13 


E14 


E15 


E16 


PCCD Batch 3 


743 


66.7 


66.7 


66.7 


Lexan 100 Grade 


248 


222 


22.2 


22.2 


R&HEXL3691 




10 






Lotadar AX8900 cone 






10 




R&HEXL3330 








10 


NfZP 


0.1 


0.1 


0.1 


0.1 


Irgafa8l68 


02 


0.2 


02 


02 


IrganoxlOTS 


02 


0.2 


02 


02 


Tiiiiivm234 


0.4 


0.4 


OA 


0.4 


MV {poise] 


7200 


11000 


10100 


10800 


NI[ftJb8./ia] 


245 


18 


213 


18 


FM[p$i] 


165500 


147500 


163000 


138000 


FSIpsil. 


8700 


7400 


8500 


7000 



EXAMPLE 17 

The general procedure of Example 13-16 is repeated making use of 
different polyesters as blend components. The formulations used and the 
5 results obtained are set forth in Table 5. The polyesters used are PBCD, 
poly(l,4-butylene cydohexane dicarboxylate), PCT, poly(cyclohexylene 
dimediylene terephdialate), PBT, PET and Hytrd 4056. DuPont Hytiel 
4056 contains roughly 50 % of a polytetrahydrofurane soft-segment in a 
PBT backbone. It can dearly be demonstrated that only PCCD/PC (E 17) 
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blends (75/25 ratio) obtain notched Izod values of more than 18 ft. lbs./in. 
All other polyesters (C5 through C8) exhibit notched Izod values that are 
significantly lower dian E 17. It is also interesting to mention that only E 
17, C 5 and C 6 are misdble and transparait blends whereas C 7 throu^ C 
5 9axeopaque. 
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Tables 



EXAMPLES 





E17 


C5 


C6 


C7 


C8 


C9 


Lexan 141 Grade 


248 


218 


24.8 


243 


243 


243 


FCCDBatdi4 


74.4 












PBCD 




74.4 










per 






74.4 








PBT 








74.4 






PET 










74.4 




Hytrel4056 












74.4 


Iigaiioxl076 


0.2 


03. 


0.2 


0.2 


0.2 


0.2 


Irgafosl68 


02 


02 


0.2 


0.2 


0.2 


0.2 


Ttiiuvm234 


03 


03 


03 


03 


03 


03 


Phosphoius 
Add 


0.15 


0.15 


0.15 


0.15 


0.15 


0.15 


I^fpoiseKtest 
tcmperatnves) 


8710 
(250) 


3048 

(2511) 


no flow 
(260) 


6943 
(260) 


1440 
(260) 


3879 
(250) 


NI[ftJlM./ial 


19 


05 


12 


1.1 


OA 


9 


UNI[fUIis./in.] 


31 


29 


37 


38 


41 


12 


I)ynTE[ftJI».) 


41 


34 


42 


36 


24 


25 


FM[psi] 




250500 


271000 


3443(M) 


346900 


65980 


FS[p8il 


8750 


5010 


11190 


12790 


12600 


9380 
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Table 6 allegorizes the transmittance of a typical PCCD/PC blend 
(E 17) as a function of tiie li^t wavelength. As can be seen the blend 
maintains a transmittance of 80 % or more over the full range of visible 
Ught 

Tabled 

Wavelengdi Tiansmittance 



[nml 


[%1 


400 


793 


420 


88 


440 


883 


460 


88.8 


480 


89.1 


500 


89.3 


520 


89.5 


540 


89.7 


560 


89.8 


580 


89.9 


600 


90 


620 


90.2 


640 


90.1 


660 


90.1 


680 


90^ 


700 


902 
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Aldiough die above examples have shown variotis modifications of 
the present invention, other variations axe possible in light of the above 
teachings. It is^ dierefore, to be understood that changes may be made in 
die particular embodiments of die invention described which are within 
the full intended scope of die invention as defined by die appended 
daims. 
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CLAIMS 

What is claimed is: 

1. A ductile tfiennoplastic resin comprising a ixusdble resm of 
a ductile resin containing greater dian about 50 percent by wei^ 
repeating imits of an aryl polycarbonate, and a polyester resin wherein 
ratio of polyester resin to ductile resin is from about 50 to 50 to about 95 to 
about 5, said polyester resin consist essentially of a polyester having the 
formula I: 



where R and are cydoalqrl or cydoalkyl containing radicals. 

Z A diermoplastic resin according to claim 1 wherein said ductile 



a) a polycarix>nate resin made up of recurring aryl polycarbonate 
units of die formula n; 



b) an aromatic polyester carbonate made up of recurring 
polycarbonate units of formula m and recurring aromatic polyester units 
of die formula IV; 




resin comprises a resin selected from the group consisting of 
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■fc-o-^-o^ (no «d T 



f f 




C-Ar-C-O-Ar'-O 



(IV); 



c) an aliphatic poly^ter carbonate made up of recurring 



polycarbonate units of the formula V and recurring aliphatic carboxylic 
5 esterunitsof die formula VI; 



or d) mixtures of a) or b) or c), 
^^^lerein 

Ar* is a divalent aromatic radical residue of die dihydric phau>l 
10 employed in the preparative polymerization reaction of die poljfcarfoonat^ 

Ar is a divalent aromatic radical, or mixtures diereof of the 
condensation product from a dicarboxcy lie add or derivative diereof ; and 



15 effective amount of an alkyl, aryl or mixed phosphite having at least one 
acidic hydrog^ a Group IB or Group IIB metal phosphate salt; a 
phosphorus oxo add, a metal add pyrophosphate, said resin blend having 
an optical transmission of greater than 75 percent. 




D is die divalmt aliphatic residue from the dicarboxcylic add 



3. A thermoplastic resin blend according to claim 1 having an 
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4. A thermoplastic resin blend according to claim 1 according to 
claim 2 consisting essentially of a blend of polycarbonate and 
cydoaliphatic polyester derived from a cydoaliphatic diol and a 
cydoaliphatic diadd. 

5 5. A thermoplastic resin blend according to claim 1 wherein the 

polyester is cydoaliphatic polyester is poly(l,4 - cydohexane dimeflianol - 
1,4 - cydohexanedicarboxylate). 

6. A tfiennoplastic resin blend according to claim 1 wherein R is the 
residue of a cydoalkane containing diol having 6 to 20 carbon atoms or 

10 chemical equivalent thereof , and is the decarboxylated residue derived 
from a cydoalkane containing diadd of 6 to 20 carbon atoms or chemical 
equivalent thereof . 

7. A thermoplastic resin according to claim 1 wherein die resulting 
blend has a Notdied Izod (NI) as determined by ASTM I>256 test 

15 procedure greater than either die Notched Izod of the individual 
polycarbonate component or polyester component of die bind. 

8. A thermoplastic resin composition acoirding to daim 1 in which 
die resin Uend of polycarbonate and polyester has a g^ass transition 
temperature above about 60°C 

20 9. A thermoplastic resin composition according to daim 8 in 

M^ierein Ar* is derived from a bisphenol-A, Ar is a terephthalic add 
residue, D is a saturated aliphatic diadd residue of 8-16 carbons. 

10. A thermoplastic resin composition according to claim 8 in 
wherin Ar* is derived from a bisphenol- A, Ar is a terephdialic add residue, 
25 D is a saturated aliphatic diadd residue of 8-16 carbons. 
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FIG.1 
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